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INTRODUCTION

March 1981

TO CAS NEWSLETTER

#2

This is the second issue of the CAS Newsletter and it is late. It was
scheduled to be printed in March but a combination of lack of material to publish and a lack of time on my part caused the publication delay. Quite frankly,
I am somewhat disappointed at the lack of articles submitted for publication and
especially at the lack of program descriptions.
There are a lot of CAS members
doing a lot of interesting things but everyone seems to be' reluctant to write a
few lines about his efforts.
The information in the CAS membership applications indicates that just
about everyone wants the Newsletter to be a forum for discussion of current
activities and problems.
However, it goes without saying that people must contribute something if a meaningful discussion is to follow.
Remember, the CAS
will only be the sum of the contributions of its members so if you are doing
anything that might be of interest to other members, don't keep it a secret.
Here are a few suggestions for thought:
If you have applied computer technology to any aspect of speleology,
brief article explaining your application.
If you have written any survey processing
write a brief summary of them.

programs

write a

(or any other programs)

If you are working with a computerized cave-related data base (such as a
cave inventory or survey data) write an article describing the data base and
discuss its success in your application.
There seems to be a lot of
interest in data standards (see Thrun's article in this issue) but a lot of
discussion is needed before standards can be accepted.
If you are encountering problems in a program or an application, write a
letter describing the problem.
Another CAS member may have an easy solution.
On a more positive note, this issue contains significant articles by Bob
Thrun and Greg Passamore. I hope these articles will prove interesting.
Also,
Bob Thrun has agreed to document his extensive collection of computer related
articles as the basis of the bibliography that was mentioned in the last CAS
Newsletter. The first version of the bibliography will be published in an upcoming CAS Newsletter and it will periodically be updated and republished.
Clark
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Dailey has described a data reduction program for a HP-25 and Rich Breisch provided information on a German program for karst water analysis.
The next CAS Newsletter is scheduled for publication in June and I hope to
get it out in a timely manner.
I apologize for the delay in publishing this
issue.
(Bob Hoke)

TIlE PROBLEM

OF STANDARDIZATION

(by Bob Thrun)

I had the opportunity to read the comments of those who were joining the
Computer Applications Section.
There were many comments about standard data
formats and a few comments about standard programs. I was amazed.
I had
thought, from the lack of past activity, that there was little interest jn standardization.
This is evidently not the case. I have my doubts about standard
formats and programs.
I will explain my doubts and hope that somebody will
write an article giving a different viewpoint.
It was not always clear from the comments whether the person joining the
CAS was interested in standard formats for cave files or for cave mapping.
"Cave survey data" might apply to either.
There was some interest in standard
formats for both purposes.
Cave files ...
A standard format for cave file data has obvious advantages for someone who
wants to do comparative cave statistics.
A card file was established for the
NSS Cave Files.
The Alabama Cave Survey and then the Tennessee and Georgia cave
surveys adopted a card format based on the NSS Cave Files format.
One difficulty with the cave files card format is that they are limited to
80 columns.
It is apparent, from reading the descriptions of the file cards,
that a lot of effort wa~ used in squeezing the maximum amount of data onto the
card. The formats incorporate auxiliary cards for additional data, but still
the basic card is very cramped.
Another difficulty with a standard card format is that cards themselves are
becoming obsolete.
Some claim that they have been obsolete for years.
However,
it will be many years before cards disappear completely.

r------------------------------------~,,----_,
The CAS Newsletter is the official publication of the Computer Applications
Section of the National Speleological Society.
Hembership in the CAS is open
to any member of the NSS who is interested in the application of computer
technology to the science of Speleology.
Annual membership dues are $2.00
and membership includes the CAS Newsletter. Requests for membership applications may be sent to any CAS officer (listed below).
Items for publication
in the CAS Newsletter should be sent to the Chairman.
Current CAS Officers:
Chairman:
Vice Chairman:
Treasurer:
Secretary:

Robert
Robert
David
Linda

B. Hoke
Amundson
Irving
Baker

8727
3802
3065
3205

Hayshed La. 1112; Columbia, MD ..21045
Highwood Ave.;
Roanoke, VA 24012
Boundary St.; San Diego, CA 92104
Shandwick Pl.; Fairfax, VA 22031
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Data base management has been a hot topic in computer science for about a
decade.
I know very little about data base management, but I do know, as a
potential user, what I would like to see a cave data base system do. A user
migh t \'lantto ask in which caves a certain species was collected.
He might want
a list of all cave life found in a particular area. The data base should list
all references to a cave, not just the "best" one. These are moderate requirements.
Eb Werner satisfied them in producing the Index of West Virginia Cave
and Karst Literature.
The data base should give all the ropes and special
equipment needed in the cave. Finally, it should have room for plain English
prose descriptions of the cave.
The card might form a standard subset of the data base. A minimal data
base could be formed from the card file. At some later date, after the data
base has been much enhanced, it should be possible to extract a card file from
the data base.
Napping

Data ...

Generally, each program for processing cave mapping data has its own format
for input. There have been a couple of proposals for standard formats.
In both
cases the authors of a mapping program suggested that everyone else adopt their
format. As best I can tell, nobody changed the input format of their program.
Some statistI wonder what use a standard mapping data format would have?
ical studies might be facilitated.
In the few studies I have seen that were
based on raw survey data, the authors had enough data of their own. Furthermore, it is simple to move numbers from one column to another.
It would seem that a common data format might be useful for different
groups that are mailing different parts of the same system.
I have been
involved in just such a situation for the last four years. Yet we have not been
able to exchange either data cards or programs in spite of the fact that we are
using identical computers!
Despite its notable la,ck of success, the idea of a standard mapping data
format seems to have some popularity.
How then can we implement a standard?
In
the absence of any legal authority we cannot legislate a standard.
We could
publish a standard and encourage everyone to use it, but that has already been
done with no effect.
In the computer industry, de facto standards have arisen
from marketing pressures -- IBM compatible tapes, for example.
Since there is
no paying market for' cave mapping data or programs, there is no marketing pressure to standardize.
If cavers started exchanging a lot of data, an exchange
standard might develop.
The only time cavers have adopted someone else's data
format is .when they adopted someone else's program.
This brings us to our next
topic:
S~andard Mapping

Programs .•.

Again, I wonder what the advantages of a standard mapping program would be.
Having a standard program would standardize the input format.
So •.. ? I suspect
that when a caver says he would like to see a standard progrcum(s) developed, he
really means that he wants a portable program, which REALLY means he wants something he can run on his system.
It is possible, except for size limitations, to
convert from any machine to any other machine.
However, not everyone has the
time or the skill to do the conversion.
Every computer system and language

'~
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implementation seems to have its own special features.
Programmers like to take
advantage of these features.
If someone wants a program that will run on his
system with no changes, he had better find a program written for an identical
system.
This is where I would like to encourage cavers to send in their program
abstracts.
There are potential users for a great variety of programs.
I
already mentioned that a user has less trouble if the program is compatible with
his computer system.
Even if the new user is willing to do a bit of conversion,
the program must be capable of being converted.
A huge program will not fit
into a small computer.
The less sophisticated user, the guy who wants to process the data and does not care what does the processing, is often intimidated
by a thick users guide.
,<.
'.

I started this article as "Challenges in Speleological Computing". Because
a lot of CAS members mentioned standards, I covered that topic first.
If I
sound skeptical about standard formats and programs, it's because I am. I would
like to see someone publish the opposing view. The section on standards was
longer than I expected so I shortened it and made it into this article.
I hope
to cover computer graphics, which I consider a more fertile field, in a future
article.
Another important problem is handling large caves on small computers.
I would like to see some firsthand accounts of how this has been done.

CONNECTIVITY

OF CAVE SURVEYS

(by Bob Thrun)

In the BCCS Newsletter, Vol. 5, Fred Hefer gave some statistics from the
Butler Cave (Virginia) survey data he has on computer.
The first three of his
tables could be used to make histograms of the angles and distances in the raw
survey data. I was not interested in these quantities, at least not enough to
add such tabulations to my program.
Wefer's fourth table was what he calls
"valence".
I realized that this is the same thing I call "connectivity'~'. The
valence or connectivity ..
of a survey station is the number of survey shots that
connect directly to the station.
I calculate the connectivity as an important
step in making a least-squares closure adjustment, but do not normally print it
out. 'On the most recent run of the Friars Hole (Hest Virginia) data, I printed
a summary of the connectivity, which I am presenting with the Butler data for
comparison.
Because of the considerable difference in the total number of stations, I am also giving the number of stations with a particular connectivity as
a percentage of the total.
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BUTLER CAVE

FRIARS HOLE SYSTEM

---------------1-----------------------1-------------------------1
I
I

connectivity

I
I

number of
stations

I
I

percent
of total

I
I

number of
stations

I
I

percent
of total

1--------------1-----------1-----------1------------1-----------1
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
1
I
I
I
I

1
2
3
4
5
6
7

8
12
13

I
I
I
I
I
I
I
I
I
I

140
15t,7
137
19
6
1
2

0
0
0

I
I
I
I
I
I
I
I
I
I

7.56
83.53
7.40
1 .03
0.32

695
5502
704
118
31
7
5

2
1
1

I
I
I
I
I
I
I
I
I
I

9.83
77.87
9.98
1.67
0.44

/--------------1-----------1-----------1------------1-----------1
total
I 1852
I
I 7066
I
/--------------1-----------1-----------1------------1-----------1
1

I
I
I
I
I
I
I
I
I
I
1
1
I
I

The stations with connectivities of 8, 12, and 13 are all in the
Amphitheater in Snedegar Cave, where Roy Jameson made a lot of spray shots.
What does it all mean?
I am immediately reminded of Mr. Natural's immortal
reply.
However, we can glean some information from the numbers in the table.
If Ct is the connectivity of station i, then

1

+ ----------

number

of closures

2

Try this on a few sample networks if you doubt it. The nutler survey has
an odd number of connections, which means that there j.s a line with only one end
in the cave. I will guess that there is a station just inside the entrance that
connects to outside.
The starting point of the Friars Hole survey has two added
to its connectivity.
I would subtract it out but I do not know where it appears
in the table.
Butler has 34 closures, which is 1.84 percent of the number of
stations.
Friars Hole has 212 closures, which is 3.00 percent of the number of
stations.
(It is somewhat deceptive to give the number of closures as a percentage of the number of stations.
It is theoretically possible to have many more
closures than stations.)
Related reading:
Theory of?
6, June 1953, pages 1-3.

COHPLEX

DATA ACQUISITION

by Huntley

IN SPELEOLOGY

Ingalls, D.C. Speleograph,

BY VIDEO DIGITIZATION

Vol. 8, No.

(by Greg Passpore)

ABSTRACT: The Cognitive Digitization System allows data gathering in caves by
television cameras attached to computers. The ~deo image is converted into a
computer compatible series with successive approximation analog to digital
converter and sync detector. The CDS contains a microprocessor for on site
data compression and preliminary image restoration. Field data is transferred
to the laboratory processor for complete image restoration, enhancement,
required pattern recognition and information extractioll. The technique was
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field tested in the caves of central Texas.
The Cognitive Digitization System (CDS) is a photogrammetric technique
designed for high speed and accuracy in complex data acquisition applications.
Although standard photogrammetric
techniques have been in use since 1850~. and
more recently by various government and private agencies, these standard methods
heavily rely on manual manipulation.
This poses little problem to mapping agencies, since their subjects are usually close to static, and manpower funding is
abundant.
In speleology, two divergences occur:
many interesting photogrammetric research subjects
are hi&hly dynamic in nature; and speleologists are
typically poorly funded, yet have access to university computers.
These two
factors, and this author's personal interest in specific spelean subjects,
prompted the design and development of the CDS. Funding was supplied, in part,
by various corporations in the petroleum industry in both the United States and
abroad.
Figure 1 (all figures follow the text of this article) illustrates the
basic hardware used to interface an image into a digital computer.
The basic
units comprising the field data collection system are:
the video camera and
.. controllers, a successive approximation analog to digital converter, and a
microprocessor system for data capture.
Each frame of digitized data is divided
into 262,154 elements (pixels) and encodes 256 gray tones from 0 to 255. Thus
the computer approximates the continuous analog image it's viewing.
An exaggeration of this effect is shown in Figure 2. The key to minimizing digital
approximation error is to maximize the resolution by moving the camera across
the subject and/or total frame filling.
Exemplification
may be provided by the following two examples.
If a
speleologist wishes to measure the deviation of water drop volume on soda
straws, it is beneficial for the water drop to consume a majority of the frame,
so that calculation of volume based on area will achieve maxirm.\maccuracy.
No
camera movement is necessary.
The computer simply needs to recognize when a
frame is completed for ~alculation. Conversely, if we wish to automa tically pro"
duce a contour map of a cave ceiling containing numerous domes, this method is
modified.
In this case, it is necessary to move the camera on an X, Y axis with
nominal overlap for frame matching.
This allows the computer to maximize the
digitizer resolution and fornrnlate accurate registration of each neighboring
frame.
Let's review the hardware configuration in greater detail.
The CDS
microprocessor
is composed of a Notorola 6800 with 64 kilobytes of random access
memory, a system monitor in read only memory, crystal based clocking, one serial
RS-232 communications port, and one parallel interface.
The system peripherals
include a .standard CRT terminal for control and process monitoring, a one megabyte disk drive for temporary image storage, and a magnetic tape recorder.
The'
unit is programmable in assembly language and provides for camera control, simple image restoration (more on this later) and data formatting.
The parallel
port is for attachment of the 6800 processor to a host computer for comprehensive processing.
The analog to digital converter is based on the MCl408L8,
MC14559, and 74100 with adjustable sampling rates based on clocking frequency.
The converter is eight bits out allowing a maximum of 256 discrete steps (hence
our 256 gray tones).
The camera is a black and white Sanyo with interlaced industrial standard
output.
The entire system weighs approximately fifty pounds and fills about
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one-half of a dining room table. The unit consumes 110 volts, but may be converted to battery pack usage with the addition of a monos table multivibrator for
sixty cycle synthesis.
If extensive field use is expected, a small printer terminal can replace the bulky and easily damaged CRT. Even so, the unit is still
fragile and requires excellent packing to prevent damage during handling.
The majority of work is carried out by the software which resides in both
the field data collection unit (described above) and the host. This field unit
normally cannot store the volume of data necessary for many applications; and
thus, data compression software becomes critical.
These compression algorithms
are specialized and normally change from one application to the next. In our
water drop example, only the maximum volumes of each drop are stored along with
a sample identifier, although billions of data points are perceived and calculated upon.
The ceiling contour is slightly more complicated.
Since we wish to
construct a digital terrain model for host computer contour.ing, each sample
height must be organized so that the X, Y, and Z coordinates may be retrieved.
To store the whole as a memory addressable, two-dimensional matrix (and
thus rid ourselves of the X, Y's) is beyond the capability of the current CDS
driver software.
Consequently, the data is reformatted into a one-dimensional
array with a carriage return (CR) character filling every last horizontal scan
and an end of block code at the end of each frame. Additionally, each frame is
identified with a relative X, Y. The CR character may be eliminated to provide
an additional one-half kilobyte of memory, but this sacrifices bit drop error
checking.
After reformatting, data is compressed by tagging and reducing data
sets of four or more equal values in a contiguous sequence.
This compression
becomes especially helpful in large unlit areas (like room edges and deep wide
joints).
Next the data is encoded through a magnetic tape interface for storage
and the current frame stored in a disk buffer for vie',vingif desired.
Utilizing
the disk buffer allows an instant three frame recall for overlap calibrations.
Once all desired data has been collected in the field, this data is ready
for laboratory processipg.
The CDS is normally returned to the home facility
for processing.
It should be mentioned that data may be transmitted from the
field over the nearest telephone if return is impractical (e.g., Hexico).
However, transmission is often limited to approximately thirty characters per
second (approximately 2.43 hours/uncompressed
frame) and the potential for
transmission errors (due to a noisy line) is often high. This is especjally
true considering the amount of data per transmission if whole frames are sent.
The laboratory processing is usually composed of three sections: restoration, enhancement, and interpretation.
Restoration corrects for sources of
image degradation during the actual acquisition.
Enhancement is the process of
calculating new data values for image clarity. The enhancement algorithm may
may often use only part of the original data and a'mplify specific features,
where in restoration, this is rarely done. Interpretation is the specially formulated algorithm for reducing the data set into a set of numeric summaries and
calculated conclusions.
Three common restoration techniques are made:
optical aberrations,
geometric distortion, and high frequency noise.
Significant optical aberrations
include non-homogeneous vignetting and lens fog. Figure 3 illustrates light
fall-off across the film plane at selected f-stops. This effect must be normalized to prevent erroneous calculations and becomes especially important when
matching frame overlaps (as in the ceiling example).
Further normalization is
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necessary for geometric distortion.
This aberration occurs from a nonperpendicular view of the object (Figure 4). As in vignetting, this effect is
critical in overlap matching, but is also necessary for accurate size/distance
calculations.
Corrections for both vignetting and eeometric distortion are
derived via multivari~te polynomial equation fitting which is usually done in
the field after the camera is set up. High frequency noise attenuation is
required due to atmospheric mist and camera vibrations.
These degradations
induce image blur which is restored by least squares filtering.
Enhancement examples are gray scale adulteration and edge amplification.
Gray scale adulteration extracts a small segment of the overall range of gray
tones and expands them into the full tonal spectrum by neighbor interpolation.
This algorithm is especially useful when a large majority of the image d~ta
resides in a small area of the tonal spectrum (e.g., the darker range due to
underexposure).
Edge amplification causes a user defined contrast level in the
processed image. This pixel differentiation technique is often used in conjunction with gray scale modification for obtaining optimum contrast and balanced
information display.
Interpretation is a specialized software set for conversion of restored and
enhanced data into meaningful results.
For example, the calculation of the statistical deviation of soda straw water drop size or the plotting of contour
lines corresponding to ceiling heights.
This is the only section which must be
rewritten for each individual investigation.
It is here that the sciences of
pattern recognition, geometric inference and related disciplines must be utilized. The interpretation methods must be defined and encoded by the investigator based on experimental goals.
Although this technique was first developed in field tests in 1978, considerable experimentation remains to be done. Applications areas in cartography,
speleogenetics, and biological population estimating need investigation.
Reader-author collaboration is entertained where a contribution may be made.
(9797 Neadowglen f/1608;. Houston, TX 77042.)
(A list of bibliographical

references

is available

from the author.)
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PIWGRAH DESCRIPTIONS:
PROGRAJ1:

A Computer

Program

for Hydrochemical

Problems

in Karstic Water
r:,

AUTHOR:

Stephen Kempe

LANGUAGE:

FORTRAN

(University

of Hamburg, West Germany)

IV

PURPOSE OF PROGRM.!: (This program is described in a German language article
"Ann. Spe1eol.", 1975, 30, 4, p. 699-702.
The following is the English language
abstract from that article.)
"The here presented program uses temperature, pH,
alkalinity, total hardness, calcium, and magnesium as input data. It calculates
besides standard transformations, pPCOZ, and the saturations indexes with
respect to calcite, dolomite, and gypsum, with and without allowing for neutral
ion pairs."

,

PROGRAM:

HP25 Cave ,Data Reduction

AUTHOR:

Clark Dailey;

LANGUAGE:
PURPOSE

16 Madison Rd.;

Hewlett-Packard's

OF PROGRAM:

Program
Glastonbury,

Reverse Polish Notation

CT

06033

(RPN) Na'chine Code

To convert cave survey data to cartesian

INPUT:
The program is tailored to a compass/tape
following specifications:

combination

coordinate

data.

with the

1) Azimuth readings - degrees
2) Inclinometer read~ngs - mils
3) Distance - feet and inches
OUTPUT:
For each survey shot, output is in the form of a displacement
vector (DX, DY, DZ). For each survey station, output is in the form of
cartesian coordinates (SumX, SumY, SumZ).

,

PIWGRAM USAGE:
1) All shots must be input in the proper sequence.
2) Distances are entered as feet.inches (e.g., 12'6" = 12.06)
3) Program can easily be converted to alternate input units.
4) If the beginning station's coordinates are known, they can be entered.
5) Program is 49 lines long. Listing and user instructions are
available from the author.
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